A year's monitoring of a population of Maja squinado in Galicia, NW Spain, revealed the seasonal formation of pods. From September to November 1994, we analysed samples from five pods located in two areas near the coast, Mexilloeira and O Carreiro, as well as specimens living in isolation in the same area. These pods were made up mainly of juveniles, except for the aggregation detected in September in O Carreiro, where 72% of the animals were adults. The sex ratio was around 1:1 in juveniles, with a predominance of females in the adult population. No differences were found in the proportion of juveniles vs. adults, sex ratio, size range, or intermoult stage between animals in pods and isolated specimens. The arrangement of the animals in the pod as well as the large number of specimens in the premoult or postmoult stage would suggest that these pods serve as a form of protection.
The formation of pods in crustaceans is a type of behaviour that is optional and associated with different stages in their life history such as moulting, mating, and the incubation period. The function of podding in a particular species may vary depending on the type of specimens that comprise the pod (maturity stage, sex, intermoult stage, . . .) and on the possible changes in habitat conditions (water temperature, presence of predators, . . .)
In species belonging to the family Majidae, gregarious behaviour has been recorded during the mating season in Chionoecetes bairdi Rathbun, 1924 (Stevens et al., 1994 ; Hyas lyratus Dana, 1815 (Stevens et al., 1992) and Libinia emarginata Leach, 1815 (DeGoursey and Auster, 1993) ; and during the moulting period in Libinia emarginata (DeGoursey and Stewart, 1985) . The spider crab, Maja squinado (Herbst, 1788) (Maja brachydactyla Balss, 1922, according to the proposal of Neumann (1998) ) inhabits the eastern Atlantic Ocean, from the North Sea to the North of Africa, and the Mediterranean Sea (Ingle, 1980) , and lives at depths ranging from subtidal levels to more than 150 m (González-Gurriarán, unpublished data). As regards this species, there have been reports on the formation of pods in the Adriatic Sea (Stalio, 1877; Pesta, 1918; Basioli, 1952; Grubisic, 1967) and in populations of the English Channel (Baal, 1953; Le Sueur, 1954; Carlisle, 1957; Collins, 1997, personal communication) . The cone-shaped aggregations described on the Isle of Jersey, known as ''heaps,'' are found between July and September at depths less than 2 m (Baal, 1953; Le Sueur, 1954) . Also, in August, 1997, an aggregation or ''mound'' made up of over 50,000 animals was discovered on the Dorset coast of England at a depth of 4.5 m (K. Collins, UK, Southamptom Oceanography, personal communication). Information provided by fishermen in the Adriatic Sea bears witness to formations comprising several hundred individuals in shallow waters (,10 m), which only remain there for a few weeks (MayJune). Podding coincides with the migration of adults to these shallow areas in their search for warmer waters that are conducive to spawning (González-Gurriarán and Freire, 1994; González-Gurriarán et al., 2002) . Carlisle (1957) monitored a pod consisting of 60 to 80 animals, 20 of which were adult males and the rest juvenile males and females in equal amounts. This author observed animals moulting inside the pod and mating between intermoult males and postmoult females, which led him to the conclusion that the main purpose of podding is to provide protection against predators during the moulting season, and secondarily, to facilitate mating.
Laboratory studies were conducted on the hierarchical relationships that occurred in relation to size, sex, and stage of the reproductive cycle in a pod made up solely of adults (Š tevčić, 1971) . Based on the distribution of the animals in the pod, its most likely function was to provide defence against predators. In terms of this possible purpose of podding, Baal (1953) and Le Sueur (1954) highlighted the fact that the formation of pods of the spider crab coincided in time with an increase in the number of octopus (Octopus vulgaris Cuvier, 1797), which is the main predator of this species. This paper describes spider crab pods found in shallow areas (,10 m) off the northwest coast of the Iberian Peninsula. Also included is a comparative study of the characteristics of the crabs belonging to pods vs. the isolated specimens found in this area. The composition of the population and the moulting cycle was analysed with a view to determine whether or not these parameters could be associated with gregarious behaviour. Based on the experience of local fishermen, these pods have been commonly found over the years. The concentration of a large quantity of animals in one area is advantageous to the fishery. The information compiled over the years by the fishermen regarding the season when pods are formed, the typical areas, and the type of animals that make up the aggregation is included in the interpretation of the results obtained in this study. Also analysed are the possible reasons for the gregarious behaviour of Maja squinado and other species of family Majidae.
MATERIALS AND METHODS
The pods analysed here were detected during monthly samplings carried out between February 1994 and February 1995 in juvenile populations of the spider crab in the Ría de Arousa (Galicia, NW Spain). Samplings were conducted along the northern coast of the O Grove Peninsula, located on the southern shore of the Ría de Arousa, in two coastal zones with depths of less than 10 m: Mexilloeira, which has sandy bottoms, and O Carreiro with mixed bottoms of sand and rock (Fig. 1) .
Fishing campaigns were conducted by professional fishermen using the gear known as the ''glass box.'' This gear consists of a wooden box in the shape of a truncated pyramid open at the top and bottom. In the larger, square base, a piece of glass is installed. From small vessels, such as fishing boats called ''dornas,'' the fishermen lower the glass box so that it floats on the water surface, allowing them to see the bottom-the depth to which they can see depends on the clarity of the water-and locate the crabs. After a specimen is located, it is caught and hauled on board with a long pole that has a curved hook on the end. The animals were sorted according the area where they were caught and whether or not they belonged to a pod. Pods are large aggregations of animals piled one on top of another. In the case of pods, fishermen collected crabs individually or several at a time, starting at the top of the pod and then continuing all around the aggregation.
Data recorded were sex, biometric information, intermoult stage, and maturity stage. Sex was determined on the basis of the morphology of the abdomen, which is rounded in females and narrower and triangle-shaped in males. Using a digital caliper we also recorded the following body measurements adjusted to the nearest 0.1 mm: carapace length (CL), in both males and females, measured between the posterior end of the cephalothorax and the point where the anterior spines meet; and the right cheliped height (RCH), taken at the point just below the dactylus insertion.
The crabs were classified into juveniles and adults on the basis of the relationship between CL and RCH in males (Sampedro et al., 1999) and by the shape of the abdomen in females, which is flat in juveniles and convex with developed pleopods in adults. The stage of gonad development was also determined in females, and the spermatheca was checked for the presence of sperm mass.
The intermoult stage was identified by means of the microscopic examination of the second maxilla. In order to do this, the mouth part was extracted from the live animal and preserved in vials filled with seawater at a temperature ranging between 28 and 38C. Based on the observation of the maxilla endite under the optical microscope, it was possible to determine the intermoult stage of the animal according to the classification adapted by Drach and Tchernigovtzeff (1967) . A Chi-square test was used to evaluate the sex ratio, while the size-frequency distributions were compared by Mann-Whitney U-tests. Data for the analysis of the size structure of isolated specimens considers individuals from both study areas in order to enlarge the sampling size.
A Chi-Square Homogeneity Test, to which the Yates correction was applied, was used to analyse possible differences in the frequencies of intermoult stages between isolated crabs and pods. For the purpose of providing the largest number of specimens for analysis, the intermoult stages identified were grouped into three main stagespremoult, intermoult, and postmoult-for each sample (isolated individuals, the Mexilloeira pod and the O Carreiro pod), month, and sex.
RESULTS

Seasonality
Over the course of the year that the crabs were monitored, pods were only detected between September and November. At the same time, as well as during the study period, isolated solitary animals were also found to be living in the podding zones. Owing to the high number of crabs in the pods-in most cases amounting to several hundred-and the fact that the animals escaped when they were disturbed by the fishermen, it was impossible to get an exact count of the total number making up these aggregations. In all cases, with the exception of the O Carreiro pod observed in September, where all 43 crabs forming the pod were caught, a sampling of the total number was obtained. In November a sampling of 250 crabs was caught in O Carreiro, and samples consisting of 169, 73, and 122 specimens from Mexilloeira were analysed in September, October, and November, respectively.
Sex Ratio
In terms of sex ratio, there was a greater proportion of adult females, which could be linked to the fact that males migrate to deeper waters earlier than females. The temporal evolution of the ratio of juveniles/adults in the pods and in isolated specimens was similar except for isolated crabs in O Carreiro; a declining number of adults between September and November was observed in all cases (Fig. 2) .
No significant differences were found between the sex ratios of isolated and podding juveniles at either site, which, in most cases was 1:1 (Table 1) . Males were more abundant in the juvenile stage, but only in October in the isolated specimens of O Carreiro was this difference significant (71.4%; Chi-square test, P , 0.05). Owing to the absence of adult animals in the area, it was only possible to analyse the sex ratio of the adult stage in the pods of September and the samples of isolated specimens in September and October (Table 1) . In all cases, females were more abundant, with the most significant deviation from the 1:1 ratio seen in October (Chi-square test, P , 0.01, for the samples of isolated specimens in Mexilloeira).
Size Structure
The aggregations were made up of crabs covering the whole size range of the population: juvenile males measuring between 54 mm and 155 mm; adult males with a carapace length (CL) ranging from 126 mm to 168 mm; juvenile females from 48 mm to 139 mm CL; and adult females with a CL between 129 mm and 166 mm (Table 2 ). Males and females had similar mean lengths in most of the samplings (Mann-Whitney U-test, P . 0.05, except in November for the sample from Mexilloeira pod, P ¼ 0.035).
The mean lengths of the O Carreiro pod in September were significantly greater than those observed in the sampling of isolated specimens (Table 3 ). In October, on the other hand, in the Mexilloeira pod the sizes were significantly smaller than those of the isolated animals. The O Carreiro pod sampled in September consisted primarily of adults (72.1%, Fig. 2 ), whereas in October, there was a larger proportion of adults among the isolated specimens, which might explain the size differences between the isolated and podding animals during those months. In November, after the migration process was completed, the shallow-water population comprised mostly juveniles, and no differences were found between the samples of podding and isolated crabs.
In November, coinciding with the last recruitment of the year of new postlarval crabs, there was a predominance of animals belonging to the smaller size classes.
Maturity Pod Composition
Juveniles and adults from the same population only share the same habitat during a certain time of the year: from May/June, which marks the beginning of the terminal moult and the appearance of the first adults, until November, when the last remaining adults migrate to deeper zones (González-Gurriarán and Freire, 1994) . During the rest of the year, a bathymetric segregation was seen to exist between the maturity stages of a given population, in which juveniles typically occupy shallow, coastal areas, while adults inhabit deeper bottoms (of up to roughly 100 m). Because of this, and depending on the season of the year under consideration, the coastal populations of the spider crab comprise juveniles and adults in varying proportions. During the three months when pods were found, the percentage of adults was greater among isolated animals, with the most striking difference recorded in October (56.0% and 25.0% of adults as isolated specimens vs. 2.7% in the pod) (Fig. 2) . In the Mexilloeira pod, there was no way of knowing whether or not these were the same pods from one month to the next. The ratio of juveniles/adults went from 16.6% in September down to 2.7% in October and none in November, and the isolated animals in the same zone accounted for 69.6% of the adults in September and fell to less than 2% in November.
Moulting Cycle
The period during which the pods were formed coincided with the population's second annual moulting cycle (Sampedro et al., 2003) , exhibiting a large proportion of male and female juveniles in the premoult (D 0 to D 3-4 stages) and postmoult (A and B stages) (Fig. 3) . In the Mexilloeria pod, the highest premoult and postmoult values were recorded in September in males (46.0%) and in October for females (40.0%). The O Carreiro pods only provided a sufficient sampling number in November, when 37.6% of the males and 46.4% of the females were in the postmoult stage. In the samples of isolated animals, the proportions of premoult and postmoult crabs fluctuated between 20.0% and 45.8%, with maximum values in the month of November. There was a greater percentage of males in the premoult and postmoult stages during the first few months of the study, both inside and outside the pods, which may indicate that males moult earlier than Because of the dwindling presence of adults in shallow waters in autumn, the only available data are from September and for the sample of isolated females in October. During these months, adults were found to be mainly in intermoult stage C (.75%), and showed similar values in samples from both isolated specimens and pods.
The results of the Chi-Square Homogeneity test (Table 4) (P . 0.05, in all cases) would indicate that there were no significant differences in terms of intermoult stage frequencies between the isolated samples and the two pods in all the months of the study and for males and females.
DISCUSSION
Although podding is a generalised phenomenon in Maja squinado, as verified by the fact that fishermen and divers are well aware of its existence over the entire distribution range of the species, very few scientific publications have dealt with this behaviour in the field (Table 5) .
Pods may vary in nature depending on the species, time of year, and the area where they are formed, as well as on characteristics of the individuals that comprise them (maturity stage, intermoult stage, . . .). The spider crab pods studied here were found in shallow areas near the coast having sandy substrates and mixed bottoms of sand and rock, which are habitats typically preferred by juveniles (González-Gurriarán and Freire, 1994) . Reports of spider crab pods in other geographic areas (The English Channel and Adriatic Sea) ( Table 5 ) all concur that they are formed at depths less than 10 m. However, given the lack of research on this subject, we cannot rule out the possibility that this type of behaviour might occur among adult populations at greater depths. A case in point in the family Majidae is the podding of multiparous females of Chionoecetes bairdi observed at 150 m for the purpose of attracting males for mating (Stevens et al., 1994) . The fact that pods are found only during three months of the year-from September to November-would appear to indicate that this type of gregarious behaviour is not a consistent pattern in the population and that it may occur in response to specific needs. Although spider crab populations are found in these zones throughout the year, it is in September-November that pods are observed, a phenomenon, according to fishermen, that recurs year after year. Our findings would suggest that the type of animals comprising the pods varies over the course of these months, reflecting the seasonal patterns of the population. Thus, as a consequence of the migration of adults to deeper waters (González-Gurriarán and Freire, 1994; Hines et al., 1995; González-Gurriarán et al., 2002) , the proportion of mature animals undergoes a sharp drop throughout the autumn, and the possible migration by males ahead of females leads to a deviation from the sex ratio of 1:1 in adult members of the pods. The recruitment of new animals to the population is evident by the increase in the number of smaller-sized specimens in November. These changes were observed both in the pods as well as in isolated animals, which would indicate that the type of animals in the pods is a reflection of the population living in the area at a given time.
One of the possible functions of these pods could be to provide protection against predators during the moulting period (Carlisle, 1957) . The pod-forming season in our waters coincides with a peak in the yearly moulting cycle and with the period exhibiting the highest density of animals in the area. On the one hand, the new adults that underwent the terminal moult in summer and have not yet migrated coincide with juveniles and smaller-sized crabs from the last recruitment. The pyramid shape of the pod, with intermoult animals on the pod surface, and the arrangement of the crabs within the pod, linked one to another, might support the hypothesis that it serves a protective purpose.
On the other hand, it has been suggested that there is a hierarchy among individuals in pods (Carlisle, 1957; Š tevčić, 1971) . All the fishermen agree that at the top of the pod, there is an adult male, known as the ''sentry,'' which, if removed, causes the disintegration of the whole pod. This male is in the intermoult stage, and beneath its legs are smaller-sized males and females; most of the crabs arranged around the inner part of the pod have a soft carapace, indicative of a recent moult. The stronger specimens (larger animals and/or those in the intermoult stage) are positioned on the outermost part of the pod, protecting the weaker members (fishermen information collected by glass box and SCUBA, personal communication)
Podding and cooperation among animals of the same species may be an effective way to ward off predation, particularly at times when they are most vulnerable, as occurs during moulting. After ecdysis, crabs are left with a soft shell which no longer serves as protection and, with their muscles impaired, they cannot flee, so the number of possible predators rises. In Table 3 . Results of the Mann-Whitney U tests conducted to compare the sizes of male and female crabs between isolated specimens and the pod samples. Independent analyses were carried out for each month, pod (Mexilloeira and O Carreiro), and sex. The sample sizes for isolated crabs (n-Iso) and pod (n-Pod), U value, Z value, and its P equivalent are given.
Males
Females noncannibalistic species like the spider crab, this temporary grouping together would help lower the individual exposure to predation by the dilution effect (Bertram, 1978; Ryer et al., 1990) . Cannibalistic species synchronise moulting in the pods to cut down on mortality due to cannibalism, as has been reported in the portunid Callinectes sapidus Rathbun, 1896 (Hines et al., 1987; Ryer et al., 1990) .
It has also been reported that, when the main predator of this species (Octopus vulgaris) invades the area, spider crabs in the intermoult stage aggregate to avoid predation (Baal, 1953; Le Seur, 1954; Š tevčić, 1971) , which would suggest that these animals are capable of assessing their risk of being preyed upon (Lima and Dill, 1990) . In other decapods, such as the lobster, gregarious behaviour is a common trait throughout their entire biological cycle (Berril, 1976; Zimmer-Faust and Spanier, 1987; MacDiarmid, 1994) , and according to the most widely accepted hypotheses, the function of this Table 4 . Results of the Chi-square Homogeneity test conducted to compare the frequency of intermoult stages between isolated samples and pods in the three-month study period and for both sexes. Also given are sampling size (n), the value of the Pearson statistic (k) calculated using the Yates correction, and its P equivalent.
Females behaviour is protection against predators (McKoy and Leachman, 1982; Zimmer-Faust et al., 1985; Kelly et al., 1999) . Another secondary purpose of spider crab pods, as put forth by Carlisle (1957) , is to facilitate mating by intermoult males awaiting newly moulted females. This theory does not concur with our findings, where all the adult females found in the area had gonads in the early stages of development (stages I and II) and empty spermathecae. Studies on the reproduction of the spider crab (González-Gurriarán et al., 1993 , 1998 suggest that mating probably takes place between intermoult-stage animals in deep waters. Hartnoll (1969) also reported that mating in Maja squinado occurs between a male and a female in the intermoult stage. Taking this into account, and similar to what was found in other majids, like Chionoecetes bairdi (Stevens et al., 1994) and Hyas lyratus (Stevens et al., 1992) , adult spider crabs may form pods in deep zones during the mating season. Other majids, such as Libinia emarginata, for instance, which return to shallow waters to reproduce, also form pods during the moulting period (DeGoursey and Stewart, 1985) and the mating season (DeGoursey and Auster, 1993).
The risk of predation during critical stages of their life history or the threat of a predator would appear to be the driving force behind the gregarious behaviour of Maja squinado. However, aggregating behaviour in crustaceans may also be interpreted as a contagious spatial distribution driven by an increase in the number of crabs owing to immigration or recruitment of new postlarval crabs (Zimmer-Faust et al., 1985) . In view of the fact that the spider crab is a species of commercial interest, it is essential to take its aggregating behaviour into account when managing this resource.
